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Abstract 
 
 
 This study is descriptive, retrospective and was carried in Sudan 
Heart Center on patients seen during the period from Jan ٢٠٠١ to Dec 
٢٠٠٣ . The objectives were to study the normal coronary artery anatomy, 
to determine the incidence of the normal coronary artery variations and 
anomalies by reading the coronary angiography of patients selected for 
the study.  
٤٢٩ patients who had coronary angiography were included in this 
study. ٥٥٪ were female and the rest were males. The mean age of the 
patients was ٥٤٫٣٢ . ٤٠٠ (٩٣%)  had normal coronary artery anatomy, ٢٤ 
(٦٪) had a normal coronary artery variations and ٥ (١٪) had coronary 
artery anomalies. The right dominant circulation was found in ٧٧٪ of the 
patients, while ١٥٪ had co dominant and ٨٪ left dominant circulation. 
The mean mid segment diameter of the LAD was ٣٫٨٣mm, the Cx artery 
is ٢٫٩٥mm, and the RCA was ٢٫٧١mm. Females mid segment coronary 
artery diameter is smaller than that of the males.  
 
 
 
 
 
 ﻣﻠﺨﺺ اﻻﻃﺮوﺣﺔ
  
  
  
  
 ﻟﻠﻤﺮﺿﻰ اﻟﺬﻳﻦ ﺗﻢ اﻟﻜﺸﻒ ﻮﺻﻔﻴﺔ ﺑﻤﺮآﺰ  اﻟﺴﻮدان ﻟﻠﻘﻠﺐهﺬﻩ اﻟﺪراﺳﺔ اﻟﺟﺮﻳﺖ أ            
 اﻟﺪراﺳﺔ فاأهﺪو ٣٠٠٢دﻳﺴﻤﺒﺮ  اﻟﻰ ١٠٠٢ ﻓﻲ اﻟﻔﺘﺮة ﻣﻦ ﻳﻨﺎﻳﺮ ﻋﻠﻴﻬﻢ وأﺟﺮﻳﺖ ﻣﻌﺎﻟﺠﺘﻬﻢ 
ﺔ ﺧﺘﻼﻓﺎت اﻟﻄﺒﻴﻴﻌﻴوﺗﺤﺪﻳﺪ ﻣﻌﺪل اﻷ، ﺔﻓﻲ ﻣﻌﺮﻓﺔ اﻟﺘﺸﺮﻳﺢ اﻟﻄﺒﻴﻌﻲ ﻟﻠﺸﺮاﻳﻴﻦ اﻟﺘﺎﺟﻴ ﺗﺘﻠﺨﺺ
  .واﻟﻌﻴﻮب اﻟﺨﻠﻘﻴﺔ ﻟﻠﺸﺮاﻳﻴﻦ اﻟﺘﺎﺟﻴﺔ
ﺳﻄﻮاﻧﺎت اﻟﻘﺜﻄﺮة اﻟﻘﻠﺒﻴﺔ ة أﺗﻢ ﺟﻤﻊ اﻟﻤﻌﻠﻮﻣﺎت ﻣﻦ ﺳﺠﻼت اﻟﻤﺮﺿﻰ وﻣﻦ ﻗﺮاء             
  . ﻟﻬﺆﻻء اﻟﻤﺮﺿﻰاﻟﻤﺴﺠﻠﺔ
ﻣﻦ %  ٥٥.  ٢٣٫٤٥ﻣﺘﻮﺳﻂ اﻟﻌﻤﺮ ﻓﻴﻬﻢ ﻣﺮﻳﺾ ٩٢٤ﺟﺮﻳﺖ اﻟﺪراﺳﺔ ﻓﻲ أ            
ﺑﻴﻨﻤﺎ ،ﻣﻦ اﻟﻤﺮﺿﻰ ﻟﺪﻳﻬﻢ ﻋﻴﻮب ﺧﻠﻘﻴﺔ ﻓﻲ اﻟﺸﺮاﻳﻴﻦ اﻟﺘﺎﺟﻴﺔ% ١. ﻧﺎث واﻟﺒﻘﻴﺔ ذآﻮرأاﻟﻤﺮﺿﻰ 
ﻣﻦ اﻟﻤﺮﺿﻰ % ٧٧ﻳﻤﻦ ﻓﻲ ﺎﻟﺪم ﻣﻦ اﻟﺠﺎﻧﺐ اﻷﺑ اﻟﻘﻠﺐ ﻳﺘﻢ ﺗﻐﺬﻳﺔ. ﻓﺎت ﻃﺒﻴﻌﻴﺔﺧﺘﻼأﻟﺪﻳﻬﻢ % ٦
ﻣﺘﻮﺳﻂ % .٥١ﻣﻦ اﻟﻤﺮﺿﻰ وﻣﻨﺎﺻﻔﺔ ﻣﻦ اﻟﺠﺎﻧﺒﻴﻦ ﻓﻲ % ٨ﻓﻲ ﻳﺴﺮ ﻧﺐ اﻷﺎﺑﻴﻨﻤﺎ ﻳﺄﺧﺬ ﻣﻦ اﻟﺠ
  . ﻣﻨﻪ ﻓﻲ اﻟﻤﺮﺿﻰ اﻷﻧﺎثآﺒﺮ ﻓﻲ اﻟﺬآﻮر أﻗﻄﺮ اﻟﺸﺮاﻳﻴﻦ اﻟﺘﺎﺟﻴﺔ
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Normal coronary artery anatomy 
The coronary arteries, which supply the myocardium and 
epicardium, are the first branches of the aorta.  The right and left 
coronary arteries arise from the corresponding aortic sinuses at the 
proximal part of the ascending aorta, just superior to the aortic valve (١).  
They pass around the opposite sides of the pulmonary trunk to supply 
both the atria and the ventricles; however, the atrial branches are usually 
small and not readily apparent in the cadaveric heart.  The ventricular 
distribution of each coronary artery is not sharply demarcated. 
      The right coronary artery (RCA), runs in the coronary groove 
towards the right side.  Near its origin, the RCA usually gives off an 
ascending sinoatrial (nodal) branch, which supplies the SA node.  As it 
runs towards (but not reaching) the apex of the heart, the RCA descends 
in the coronary groove and gives off the right marginal branch which 
supplies the right border of the heart.  The RCA then turns to the left and 
continues in the coronary groove towards the posterior aspect of the heart.  
At the crus of the heart – the junction of the septa and walls of the four 
chambers – the RCA gives rise to the atrioventricular nodal branch, 
which supplies the AV node.  The posterior interventricular artery 
(posterior descending artery, PDA) arises from the RCA and descends in 
the posterior interventricular groove towards the apex of the heart.  This 
branch supplies the adjacent areas of both ventricles and sends 
perforating interventricular septal branches into the interventricular 
septum.The terminal branch of the RCA then continues for a short 
distance in the coronary groove. 
The left coronary artery (LCA), runs in the coronary groove to the 
left.  In approximately ٤٠٪ of people, the SA nodal branch arises from the 
circumflex branch of LCA and ascends in the posterior surface of the left 
atrium to the SA node.  As it enters the coronary groove, the LCA divides 
into two branches, the anterior interventricular (left anterior descending 
LAD) and the circumflex branch.  The LAD passes along the 
interventricular groove to the apex of the heart.  Here it turns around the 
inferior border of the heart and commonly anastomoses with the PDA 
branch of the RCA.   
The LAD supplies the adjacent parts of both ventricles and via the 
interventricular septal branches; it supplies the anterior two thirds of the 
interventricular septum.  In many peoples the LAD gives rise to the 
lateral (diagonal) branch, which descends on the anterior surface of the 
heart (٢). 
 
 
Coronary artery angiography 
The main coronary trunks can be considered to lie either in the ٣٠-
degree right anterior oblique (RAO) orthogonal plane, or the ٦٠-degree 
left anterior oblique (LAO) orthogonal plane.  The anterior descending 
and posterior descending coronary arteries lie in the interventricular 
septum plane, while the right and L.circumflex coronary trunks lie in the 
plane of the atrioventricular valves (٣).  Thus the best angiographic 
projections to visualize these vessels in the profile are the oblique views.  
In main cardiac catheterization laboratories, the x-ray tube is under the 
patient table, and the image intensifier, with its coupled video and 
cinecameras, is over the patient table. If the over-table image intensifier is 
tilted up toward the head of the patient, the resulting projection is referred 
to as the “cranial” view.  The image recorded in this view appears as if 
the angiographer were looking down at the heart from the patient’s head.  
Conversely, if the image intensifier is tilted down toward the feet of the 
patient, this is referred to as “caudal” view and provides images as if the 
angiographer were looking up at the heart from the patient’s feet.  Cranial 
and caudal angulations have become a standard part of coronary 
arteriography and are used routinely in most laboratories that have the 
necessary U- or C-arm mounting units for their cine system.  It is difficult 
to predict which angulated views will be most useful in any given patient. 
The usefulness of the angiographic projections depends largely on body 
habitus, variations in coronary anatomy, and location of lesions.  For this 
reason, it is recommended that coronary angiographers routinely use both 
cranial and caudal angulations views in both LAO and RAO projections 
of the left coronary system.  These views also can be helpful on occasion 
during examination of the right coronary system, especially in visualizing 
the origin of the posterior descending artery in the LAO cranial projection 
(٤). 
Normal coronary artery variations 
Absence of the left main coronary artery and the separate origin of 
the left anterior descending and left circumflex coronary arteries (from 
the left coronary sinus of the aorta), have been reported and considered as 
a normal variant in about ١٪ of patients undergoing angiography.  More 
over, one or more infundibular (conal) arteries may arise from separate 
ostia in the aorta.  Minor variations in the location of the ostia within the 
coronary sinuses of the aorta are observed frequently and are of no 
clinical significance (٥). 
Coronary artery anomalies 
The most frequent type of publication on coronary artery anomalies 
is in the form of case report.  A peculiar feature of such reports is that 
they typically imply that these abnormalities are a consistent class of 
pathogenic entities that cause ischemic consequences.  Coronary 
anomalies comprise many different entities, of which few have consistent 
clinical manifestations. Most reported cases require specific and critical 
review because the association of anatomic abnormalities with clinical 
events might well be casual rather than causal, or indirect rather than 
direct (٦). 
The incidence of all coronary anomalies is ٠٫٢٣٪ in autopsy series 
and ranges between ٠٫٣٪ and ١٢٪ in angiographic series. Therefore, 
variations of a prevalence of less than ١٪ in the general population are 
considered as coronary anomalies (٧).  In Cleveland Clinic Foundation, 
the incidence of coronary artery anomalies was found to be ١٫٣ % of 
١٢٦،٥٩٥ patients who underwent coronary angiography (٨).  The full 
range of normal coronary arteries (no anomalies) versus abnormal 
(presence of anomalies), could be characterized by an empirical criteria.  
This considers the abnormal as; “that which is observed in less than ١٪ of 
the normal population,” or “that which lies more than two standard 
deviations from the mean value of a Gaussian distribution curve.” (٩). In 
a study done in Ankra, ٢٠٠٢, the incidence of coronary artery anomalies 
in an adult Turkish population, was found to be ٠٫٥%.  This study was 
done in ٥٠٠٠ patients who underwent coronary artery angiograms (١٠).  
Coronary artery anomalies may involve the following (١١): 
١. Anomalous origin:  These are abnormalities of the origin of the 
coronary arteries (anomalous location of one or both coronary ostia), with 
subsequent normal epicardial course.  These include: 
- The origin of any of these arteries:  the left main (LM), left 
anterior descending (LAD), left circumflex (LCx) or right 
coronary artery (RCA), may be from the pulmonary trunk, 
the left or right ventricles, the bronchial, internal mammary, 
subclavian, right carotid, or innominate arteries or the aortic 
arch or descending thoracic aorta. 
- High takeoff of the left or right coronary ostia, which is 
defined as the location of the ostium of the left or right 
coronary artery of more than ١ cm above the sino-tubular 
junction. 
- The anomalous location of the coronary ostium within the 
aortic root; near the proper aortic sinus of Valsalva (for each 
artery), or outside the normal aortic sinuses. 
٢. Anomalous origin and course:  The entire coronary artery system 
may originate from a single ostium located in the left or right coronary 
sinus of the aorta: 
- The LMA originates from the RCA, or vice versa taking 
aberrant pathways. 
- Separate origin of the LAD and LCx from the right coronary 
artery. 
- Both the left and right coronary arteries may arise from 
separate ostia located in the same sinus of the aorta, either 
left or right. 
٣. Anomalous course and termination: 
- An intramyocardial course. 
- Major epicardial coronary arteries may terminate abnormally 
into one of the cardiac chambers (the right or left atrium, the 
right or left ventricle), coronary sinus (١٢), superior vena 
cava, pulmonary artery, pulmonary vein, and thus, producing 
fistulas of which those originating from the left are (٥٠-
٦٠%), from the right are (٣٠-٤٠٪), or origination from both 
about (٢-٥٪) of the coronary artery systems. 
٤- Abnormal coronary structure: 
- Congenital epicardial coronary artery stenosis, is usually 
caused by a membrane or a fibrotic ridge. 
- Coronary artery atresia is characterized by the presence of an 
ostial dimple in the left or right aortic sinus that terminates 
in a cordlike fibrotic structure without a patent lumen. 
- Hypoplastic coronary arteries have a small luminal diameter 
(usually less than ١ mm) and reduced length.  The latter is 
often associated with absence of the posterior descending 
coronary artery. 
- Coronary ectasia or aneurysm. 
- The absent coronary artery. 
 
Clinically, coronary artery anomalies can be classified as: 
i- Benign 
ii-       Relevant (related to myocardial ischemia) 
iii-      Severe (related to sudden death) 
iv-      Critical (association of classes ii and iii with 
superimposed coronary artery disease) (١٣). 
Rare coronary artery anomalies:  
These are mainly case reports; the anomaly could be as; 
- a single coronary artery with an anomalous course of the 
right coronary artery between the pulmonary artery and aorta 
(١٤),  
- multiple fistulae connecting the right coronary artery to the 
coronary sinus near the posterior left atrium- left ventricle 
junction (١٥),  
- three separate coronary artery ostia arising from the right 
aortic sinus of Valsalva (١٦), and  
- The association of anomalous left anterior descending artery 
from the pulmonary artery with bicuspid aortic valve and 
coarctation of the aorta (١٧). 
- The association of anomalous origin of the left coronary 
artery from the right pulmonary artery with coarctation of 
the aorta (١٨).  
Coronary artery anomalies are common among patients with 
tetralogy of Fallot. One hundred and thirty-five patients (٨٠ males and ٥٥ 
females) with tetralogy of Fallot who underwent repair between ١٩٩٥ and 
٢٠٠٢ were studied to determine the incidence of coronary anomalies in 
Iranian patients. Eight (٥٫٩٪) patients (٤ males and ٤ females) had a 
surgically relevant coronary artery anomaly: single coronary ostium in ٥, 
origin of the left anterior descending artery from the right coronary artery 
in ٢, and origin of the right coronary artery from the left coronary artery 
in ١ (١٩). 
 With most coronary anomalies, the first and greatest challenge is 
to identify the abnormality and to determine its clinical severity. The 
relationship between the anomaly and the presenting symptoms is 
frequently 
unclear. Ultimately, the goal is to ascertain the prognosis in order to begin 
appropriate treatment. Because of the great variability in the clinical 
relevance of the different anomalies, cost efficiency is a major concern. 
Although most coronary anomalies can be detected precisely with 
angiography, the cost and invasive nature of this method limits its 
usefulness for screening purposes. Moreover, cardiologists are primarily 
interested in identifying anomalies that might cause significant clinical 
consequences, not necessarily every anomaly that may be present. 
Unfortunately, ٥٥٪ to 
٩٣٪ of patients who die suddenly of a coronary anomaly have no 
forewarning manifestations, and fewer than ١٠٪ are known to have had a 
premortem cardiologic evaluation for symptoms related to the anomaly. 
The usefulness of routine submaximal treadmill evaluation of coronary 
function is largely negated by the consistently high incidence of false-
positive and false-negative results. Echocardiography, whether 
transthoracic or transesophageal, evaluates the anatomy—not the 
functional status—and it cannot suggest clinical indications or 
correlations. Nevertheless, echocardiography has the potential to identify 
most coronary anomalies of clinical significance, especially in young 
patients. Patients of any age who lack symptoms or clinical signs do not 
generally require specific testing to rule out a coronary anomaly. When 
symptoms are present, one should be particularly aware of those that are 
likely to lead to sudden death: dyspnea (even more than just chest pains), 
syncope, and a history of aborted sudden death (rather than just premature 
ventricular beats). In such patients, particularly in male athletes, clinical 
evaluation should probably include heart catheterization, even if the 
echocardiogram and treadmill test yield negative results. In the 
documented presence of an anomaly and major symptoms (recurrent 
chest pain, dyspnea, syncope, aborted sudden death, or any combination 
thereof), angiography may not be adequate to document the need for 
intervention. A nuclear stress test that is positive for reversible ischemia 
in the dependent territory may confirm the need for intervention, but such 
a result is a rare event in our current experience. 
There will be a new protocols for the evaluation of coronary 
anomalies with intravascular ultrasound techniques, and new stress-
testing protocols that could eventually be adapted for use in the 
catheterization laboratory (٩). 
 
 
Dominance of the heart: 
In ٨٥٪ of patients, the coronary circulation is “right dominant”; 
that’s the right coronary artery supplies the inferior aspect of the 
interventricular septum by giving rise to the posterior interventricular 
artery.  In ٨٪ of patients, the circulation is left dominant and in about ٧٪ 
of hearts, it exhibits a co dominant or a balanced system (٣).  
 
Gender differences: 
No gender difference has been reported regarding the incidence of 
specific coronary artery anatomy or anomalies (٥), however most of the 
patients presenting with chest pain and who underwent cardiac 
catheterization were males (٢٠, ٢١, and ٢٢). 
 
Coronary artery mean diameter: 
The left anterior descending coronary artery measures about ٣٫٧ 
+/- ٠٫٤ mm proximally, and ١٫٩ +/- ٠٫٤ mm distally.  The luminal 
diameter of the LAD is not affected by anatomical dominance of the 
heart.  The proximal diameter of the right coronary artery varies between 
٣٫٩ +/- ٠٫٦ and ٢٫٨ +/- ٠٫٥ mm, and the proximal diameter of the left 
circumflex varies between ٣٫٤ +/- ٠٫٥ and ٤٫٢ +/- ٠٫٦ mm.  Even after 
normalization for body surface area, women had smaller epicardial 
arterial diameter than men (٢٣). 
In a population without cardiac disease, women have smaller 
coronary artery caliber normalized for LV mass than men. Left main 
coronary artery sizes of women tended to range below the theoretically 
expected size, where as those of men tended to be above it (٢٤).  
Sex differences in the histomorphometry of coronary arteries 
were studied in 25 male and 25 female autopsied heart specimens 
in the department of anatomy and Forensic medicine in Sharma 
Rohtak in India. The lumen diameter and thickness of tunica media 
and tunica intima were measured in paraffin sections of five 
specimens of coronary arteries from each heart using point-
counting and linear-intercept techniques. Although the mean 
lumen diameter of the vessels studied was more in males as 
compared to females but relative to heart weight coronaries were 
found to be wider in females suggesting better coronary flow in 
females. Tunica intima was found to be thicker in males in 
absolute terms as well as relative to the diameter. This may form 
the basis for higher incidence of atherosclerosis, a disease of 
tunica intima, in males. The sequantitative differences in the 
structure of coronary arteries can explain at least to some extent, 
the sex differential in the coronary artery disease (25). 
Left coronary artery anomaly , although rare, is the second most 
common structural abnormality associated with sudden cardiac death in 
athletes younger than ٣٥ years (٢٦) (٢٧). Patients with Left coronary 
artery anomaly -associated sudden cardiac death can present with the 
following prodromal symptoms: chest pain, shortness of breath, dyspnea, 
hypoxemia, and sudden collapse during or immediately after exercise 
(٢٨). 
  
 
 
 
 
 
 
 
 
 
Justification 
 
١. Coronary artery anatomy in Sudanese patients has not been studied 
before. 
٢. The incidence of coronary artery anomalies is not known. 
٣. Early identification of coronary artery anomalies may help to 
reduce the incidence of sudden death due to sudden kinking of the 
anomalous artery. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Objectives 
 
١. To study the pattern of normal angiographic coronary artery 
anatomy in patients in Sudan Heart Centre. 
٢. To determine the frequency of coronary artery anomalies in the 
centre. 
٣. To identify the arteries commonly affected by anomalies. 
٤. To determine the dominance of the heart. 
٥. To estimate the diameter of the main coronary arteries 
 
 
  
 
 
 
 
 
 
 
 
 
Methodology 
 
Study type 
A retrospective descriptive study design. 
Study area 
Sudan Heart Centre. 
Study Duration  
Jan ٢٠٠١ to Dec ٢٠٠٣ 
Study population 
The study population was composed of ٤٢٩ patients of both sexes 
who underwent coronary artery angiography. 
Inclusion criteria 
All patients in whom coronary artery angiography reveals non 
pathological coronary arteries.  
Exclusion criteria 
Patients with pathological coronary arteries. 
 
 
Variables under study 
١- Gender. 
      ٢- Coronary artery anatomy and anomalies  
      ٣- The dominance of the heart 
      ٤- The main arteries diameter 
Data collection technique 
The data was collected by a check list (see appendix). The 
coronary artery diameter was measured by comparing the diameter of the 
cardiac catheter to the lumen of the artery. 
Research team 
Composed of the author who read the angiographic data. 
Data analysis 
The data obtained was analysed using statistical program SPSS 
(statistical package for social science) in a personal computer.   
 
 
  
 
 
 
Results  
 
Four hundred and twenty nine patients who underwent diagnostic 
coronary artery catheterization in Sudan Heart Center were included in 
this retrospective hospital based study. ١٩١ patients (٤٥ %) of the study 
population were males and ٢٣٨ (٥٥٪) were females as shown in figure 
(١). 
Patient’s age ranged from ٧ to ٨٥ years, with a mean age of ٥٤٫٣٢ 
+/- ١٫١٦ years and median ٥٤ years.  ٢٦٥ patients (٦٣٫٨ %) were between 
٤١ and ٦٠ years. Figure (٢). 
Regarding the coronary artery anatomy, ٩٣ % of the arteries were 
found to be normal, ٦% had normal anatomical variant and anomalous 
arteries occurred in ١٪ of patients. Figure (٣).  
There were ٢٤ patients with anatomical variations of the coronary 
arteries. The left main artery was absent in all cases.  Meanwhile, the left 
anterior descending (LAD) and circumflex arteries; both had originated 
from one ostium in one sinus in ٢٠ patients and from two ostia in one 
sinus in ٤ patients. Figure (٤). 
 Regarding the gender distribution of the normal coronary arteries, 
٢٢٤ females, and ١٧٦ males had normal coronary artery anatomy. Figure 
(٥). 
 Out of the ٥ patients who were found to have anomalous coronary 
arteries; ٣ had no left circumflex artery, one patient had a single right 
coronary artery which gave rise to the left main artery.  The fifth patient 
had a mid segment right coronary artery- right atrium fistula. Figure (٦). 
 In ٧٧٪ of cases, the blood supply of the heart was right dominant, 
while the co-dominant supply represented ١٥٪ and the left dominant, only 
٨٪. Figure (٧).  
 As seen in table ١, out of the ٤٢٩ cases, ٢٦٥ had LAD mid 
segment diameter of ٤mm and ١٠٨ had a diameter of ٣mm. 
 On table ٢, of the total cases, ٢١٣ had a Cx mid segment diameter 
of ٣mm, and ١٠٥ had a Cx diameter of ٢mm. 
 ١٨١ cases had a RCA mid segment diameter of ٣mm, while ١٤٨ 
cases had a diameter of ٢mm  (Table ٣). 
 The mean mid segment diameters of the arteries were: 
• LAD is ٣٫٨٣mm. 
• Cx artery is ٢٫٩٥mm. 
• RCA is ٢٫٧١mm. (Table ٤).  
  
 
 
 
 
Figure (١)  
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Figure (٢) 
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Figure (٣) 
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Figure (٥) 
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Figure (٦) 
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Figure (٧) 
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Table (١) 
 
 
 
 
 
 
 
 
 
 
LAD*  mid segment diameter 
 
LAD Diameter in mm Frequency Percent 
٢ 
 ٩ ٢٫١ % 
٣ ١٠٨ ٢٥٫٢ % 
٤ ٢٦٥ ٦١٫٨ % 
٥ ٤٣ ١٠٫٠ % 
٦ ٤ ٠٫٩ % 
Total ٤٢٩ ١٠٠٫٠ % 
*LAD = left anterior descending. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (٢) 
 
 
 
 
 
 
 
 
 
 
 
Cx* mid segment diameter 
 
CX Diameter in mm Frequency Percent 
٠ ٣ ٠٫٧ % 
١ ٨ ١٫٩ % 
٢ ١٠٥ ٢٤٫٥ % 
٣ ٢١٣ ٤٩٫٧ % 
٤ ٩١ ٢١٫٢ % 
٥ ٨ ١٫٩ % 
٦ ١ ٠٫٢ % 
Total ٤٢٩ ١٠٠٫٠ % 
 
*Cx = circumflex. 
 
 
 
 
 
 
 
 
 
 
 
Table (٣) 
 
 
 
 
 
 
 
 
 
 
RCA* mid segment diameter 
 
RCA Diameter in mm Frequency Percent 
.٠ ١ ٠٫٢ % 
.٥ ٣ ٠٫٧ % 
١٫٠ ٢٣ ٥٫٤ % 
٢٫٠ ١٤٨ ٣٤٫٥ % 
٣٫٠ ١٨١ ٤٢٫٢ % 
٤٫٠ ٦٨ ١٥٫٩ % 
٥٫٠ ٤ ٠٫٩ % 
٦٫٠ ١ ٠٫٢ % 
Total ٤٢٩ ١٠٠٫٠ % 
*RCA = right coronary artery. 
 
 
 
 
 
 
 
 
 
Table (٤) 
 
 
 
 
 
 
 
 
 
LAD, Cx, and RCA mean diameters in mm 
 
 
 
 Artery 
Male 
mean 
diameter 
Female 
mean 
diameter 
M&F 
mean 
diameter 
LAD diameter ٣٫٩٤ ٣٫٦٩ ٣٫٨٣ 
Cx diameter ٢٫٩٩ ٢٫٩٠ ٢٫٩٥ 
RCA diameter ٢٫٨٢ ٢٫٥٦ ٢٫٧١ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (٥) 
 
 
 
 
 
 
 
 
 
Gender * dominance Cross tabulation 
 
 
 
 
dominance 
 co-dominant left right Total 
female ٣١ ١٥ ١٤٥ ١٩١ gender 
male ٣٢ ١٩ ١٨٧ ٢٣٨ 
Total ٦٣ ٣٤ ٣٣٢ ٤٢٩ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (٦) 
 
 
 
 
 
 
 
 
 
 
 
Gender * LAD diameter Cross tabulation 
 
 
 LAD diameter in mm Total 
 ٢ ٣ ٤ ٥ ٦  
gender f ٤ ٦١ ١١٧ ٩ ٠ ١٩١ 
 m ٥ ٤٧ ١٤٨ ٣٤ ٤ ٢٣٨ 
Total ٩ ١٠٨ ٢٦٥ ٤٣ ٤ ٤٢٩ 
 
 
 
  
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (٧) 
 
 
 
 
 
 
 
 
 
 Gender * CX diameter Cross tabulation 
 
 
  CX diameter in mm Total 
  ٠ ١ ٢ ٣ ٤ ٥ ٦   
gender female ١ ٤ ٥٠ ٩٧ ٣٦ ٣ ٠ ١٩١ 
  male ٢ ٤ ٥٥ ١١٦ ٥٥ ٥ ١ ٢٣٨ 
Total ٣ ٨ ١٠٥ ٢١٣ ٩١ ٨ ١ ٤٢٩ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (٨) 
 
 
Gender * RCA diameter Cross tabulation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  RCA diameter in mm Total 
  .٠ .٥ ١٫٠ ٢٫٠ ٣٫٠ ٤٫٠ ٥٫٠ ٦٫٠   
gender female ٠ ٢ ١٣ ٧٤ ٨١ ٢١ ٠ ٠ ١٩١ 
  male ١ ١ ١٠ ٧٤ ١٠٠ ٤٧ ٤ ١ ٢٣٨ 
Total ١ ٣ ٢٣ ١٤٨ ١٨١ ٦٨ ٤ ١ ٤٢٩ 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (٩) 
 
 
 
 
 
 
 
 
 
 
Gender * anatomy Cross tabulation 
 
 
anatomy 
  anomaly normal 
normal 
variation Total 
female ٣ ١٧٦ ١٢ ١٩١ gender 
male ٢ ٢٢٤ ١٢ ٢٣٨ 
Total ٥ ٤٠٠ ٢٤ ٤٢٩ 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Discussion 
 
Out of the ٤٢٩ patients who were included in this study, ٥٥٪ were 
females; while, at Clayton Foundation Cardiovascular Laboratories (٦) 
and others (٢١, ٢٢), most of the patients were males.  Concerning the 
normal anatomical variations and the coronary artery anomalies, no 
significant difference was found between the males and females and this 
is similar to the result found by Jamshid Shirani (٥). 
The incidence of coronary artery anomalies was found to be ١٪, 
which is approximately equal to that found by Cleveland Clinical 
Foundation (١٫٣٪) (٨), and equal to that found by J.  Reig Villagona (١٪) 
(٧) and Paolo Angelini (١٪) (٩). The normal variations of the coronary 
arteries were found in ٦٪ of patients  more than that mentioned by 
Jamshid Shirani(٥) and J.  Reig Villagona (٧).  Moreover, the variations 
included the absence of the left main artery; the origin of the circumflex 
and left anterior descending arteries from the left aortic sinus, either by 
one or two ostia. 
Anomalous circumflex artery was the most prevalent coronary 
artery’s anomaly documented in ٣ patients out of ٥.  Absence of the left 
circumflex artery with small right circumflex artery was found in ٣ 
patients (٠٫٧ %) of the study population, which is higher than that 
reported by J. Reig Villagona, ٠٫٤٥٪ (٧) and Charles E et al, ٠٫٤٨٪ (٦).  
A single coronary artery originating from the right aortic sinus and 
coronary artery fistula, are rare coronary anomalies.  S. Nurten et al (١٤) 
reported that a single coronary artery occurred in ٠٫٠٢٤%; while, Charles 
E et al (٦) reported that it occurred in ٠٫٠٦ %.  In this study we found that 
single coronary artery occurred in ٠٫٠٢ % of the study population.  
Coronary artery fistula was found in ٠٫٠٢ % of the study population.  M 
Saema et al at Alabama University, has reported that the incidence of 
coronary artery fistula is about ٠٫١٪ (١٥), while the incidence reported by 
Charles E et al was ٠٫٠٧٪ (٦). 
Concerning the dominance, there was no difference between our 
study finding of the left dominant circulation (٨٪) and those reported in 
the international literature.  Grossman reported that the right dominance 
and co dominance were ٨٥٪ and ٧٪ respectively (٣).  In this study the 
right dominance was ٧٧٪ and the co dominance was ١٥٪. 
The diameter of the LAD, Cx and RCA was measured by 
comparing the diameter of the cardiac catheter (٢mm) to the diameter of 
the artery.  The mean diameter of the LAD, Cx, and RCA was found to be 
higher in males than in females; a finding which is similar to that reported 
from Washington University’s department of medicine by JT Dodge et al 
(٢٣).   
     
Conclusions 
 
 
 
١. The majority of patients included in this study were within the fifth 
and sixth decade. 
٢. Females who underwent cardiac catheterization which revealed 
normal coronary arteries were more than males. 
٣. The incidence of coronary artery anatomy and anomalies in this 
study are similar to that reported in the literature which is ١٪. 
٤. The majority of the hearts are right dominant and the co dominant 
circulation is twice the left dominant ones. 
٥. The mean coronary artery diameter is more in males than females. 
٦. There is no association between coronary artery anomalies and 
other cardiovascular anomalies.   
 
 
 
 
 
 
 
Recommendations 
 
 
Coronary artery anatomy, variations and anomalies, are poorly studied in 
Sudanese population whether in general hospitals or in specialized 
cardiac canters. The following points are recommended: 
 
١. Patients with coronary artery anomalies may present with chest 
pain, so coronary artery anatomy has to be related to the 
presentation of the patients. 
٢. Coronary artery anatomy in an autopsy series especially following 
sudden death must be studied because coronary anomalies are the 
major cause of sudden death. 
٣. Microscopic study of the anomalous arteries in autopsy series is 
needed to determine the most affected vascular layer. 
٤. The luminal diameter is needed to be related to the symptoms of 
the patients. 
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Appendix 
 
Check list to study coronary artery 
anatomy in   Sudan Heart Center  
٢٠٠١ —٢٠٠٣ 
 serial no..  
١-   Age ……     
٢- Gender:                                                   Male               
?   
                                                                    Female                 
?   
٣- The reason for angiography:                  Chest pain                         
?   
                                                                    Pre-aortic                              
?   
                                                                    Pre-mitral                              
?   
                                                                    Other                   
?   
٤- Coronary artery anatomy:                       Normal            
?   
                                                                    Abnormal               
?   
٥- If normal the dominance is: 
                                                                    Right                   
?   
                                                                    Left                    
?   
                                                                    Co-dominance                       
?   
 
٦- If abnormal the site of the anomaly is in:      Origin            
?   
                                                    Origin & course            
?   
                                                                           Structure            
?  
  
 
 
 ٧- If the anomaly is at the origin, the artery arises from:    
                                                                         Pulmonary artery              
?   
                                                                         Heart chamber         
?   
                                                                         Others               
? 
٨- If the anomaly is at the origin & course, it could be : 
                                                                   From single ostium        
?   
                                                                   From two ostia in one sinus   
?          
                                       Intramyocardial course     
?   
                                                                   Others                  
?   
٩- If the artery is abnormal in structure, the abnormality could be: 
                                                                        Stenosis              
?   
                                                                        Atresia               
?   
١٠- Is there any association with other cardiovascular anomaly? 
                                                                        Yes                  
?   
                                                                        No                   
?   
١١- If the coronary artery anomaly is associated with other cardiovascular 
anomaly it could be: 
                                                                  T.O.F                   
?   
                                                                   Septal defect (A.S.D, 
V.S.D)?   
                                                                   P.D.A                  
?   
                                                                   Dexrocardia             
?   
                                                                   Others                  
?   
 
 
 
 
 
 
 
 
 
 
 
 
 
